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Preface 



Throughout the development of Federal 
air pollution legislation, the Congress has 
consistently found that the States and local 
governments have the primary responsibility 
for preventing and controlling air pollution 
at its source. Further, the Congress has con* 
sistently declared that, it is the responsibility 
of the Federal government to provide techi- 
cal and financial assistance to State and local 
governments so that they can undertake 
these responsibilities. 

These principles were reiterated in the Air 
Quality Act of 1967. A aey element of that 
Act directs the Secretary of Health, Educa- 
tion, and Welfare lo collect and make avail- 
able information on all aspects of air |vol- 
lution and its control. Under the Act the 
issuance of control techniques information 
is a vital step in a program designed to as- 
sist the States In taking responsible techno- 
logical, social, and political action to protect 
the public from the adverse effects of air 
pollution. 

Briefly, the Act calls for the Secretary of 
Health, Education, and Welfare to define the 
broad atmospheric areas of the Nation in 
which climate, meteorology, and to|>ograpliy. 
alt of which influence the capacity of air to 
dilute and disperse pollution, are generally 
homogeneous. 

Further, the Act requires the Secretary to 
define those geographical regions in the 
country where air pollution is a problem— 
whether interstate or intrastate. These air 
quality control regions are designated on 
the basis of meteorological, social, and po- 
litical factors which suggest that a group 
of communities should be treated as a unit 
for setting limitations on concentrations of 
atmospheric pollutants. Concurrently, the 
Secretary is required to issue air quality cri- 
teria for those pollutants he believes tnay 
be harmful to health or welfare, and to pub- 



lish related information on the techniques 
which can be employed to control the sources 
of those |K>llutants. 

Once these steps have been taken for any 
region, and for any pollutant or combina- 
tion of pollutants, then the State or States 
responsible for the designated region are on 
notice to develop ambient air quality stand- 
ards applicable to the region for the pollut- 
ants Involved, and to develop plans of ac- 
tion for meeting the standards. 

The Department of Health, Education and 
Welfare will review, evaluate, and approve 
these standards and plans and, once they 
are approved, the Slates will be expected to 
take action to control pollution sources in the 
manner outlined in their plans. 

At the direction of the Secretary, the Na- 
tional Air Pollution Control Administration 
has established appropriate programs to 
carry out the several Federal responsibilities 
specified in the legislation. 

Control Technique* for Particulate Air 
Pollutants is the first of a series of docu- 
ments to be produced under the program es- 
tablished to carry out the responsibility for 
developing and distributing control techn.*- 
ogy information. The document is the culmi- 
nation of intensive and dedicated effort on 
the part of many persons. 

In accordance with the Air Quality Act, a 
National Air Pollution Control Technique* 
Advisory Committee was established, having 
a membership broadly representative of in- 
dustry, universities, and all level* of go 'em- 
menu The committee, whose member* are 
listed following this discussion, provided in- 
valuable advice in identifying the best pos- 
sible methods for controlling the sources of 
particulate air pollution, assisted in deter- 
mining the costs involved, and gave major 
assistance in drafting this document. 

As further required by the Air Quality 



O 

ERIC 



iii 



t 



Act, appropriate Federal departments and 
agencies, also listed on the following pages, 
were consulted prior to Issuance of this docu- 
ment. A Federal consultation committee, 
comprising members designated by the heads 
of 17 departments and agencies, reviewed the 
document, and met with staff personnel of 
the National Air Pollution Control Adminis- 
tration to discuss its contents. 

During 1967, at the initiation of the Sec- 
retary of Health, Education, and Welfare, 
several government-industry task groups 
were formed to explore mutual problems re- 
lating to air pollution control. One of these, 
a task group on control technology research 
and development, looked into ways that in- 
dustry representatives could participate In 
the review of the control techniques reports. 
Accordingly, several industrial representa- 
tives, listed on the following pages, reviewed 
this document and provided helpful com- 
ments and suggestions. In addition, certain 
consultants to the National Air Pollution 
Control Administration also reviewed and 
assisted in preparing portions of this docu- 
ment. (These also are listed on the follow- 
ing pages.) 



The Administration is pleased to acknowl- 
edge the efforts of each of the persons spe- 
cifically named, as well as those of the many 
not so listed who contributed to the publica- 
tion of this volume. In the last analysis, how- 
ever, the National Air Pollution Control Ad- 
ministration is responsible for its content. 

The control of air pollutant emissions is 
a complex problem because of the variety of 
sources and source characteristics. Techni- 
cal factors frequently make necessary the 
use of different control procedures for dif- 
ferent types of sources. Many techniques 
are still in the developmental stage, and pru- 
dent control strategy may call for the use of 
interim methods until these techniques are 
perfected. Thus, we can expect that we will 
continue to improve, refine, and periodically 
revise the control technique information so 
that it will continue to reflect the most up- 
to-date knowledge available. 



John T, Middleton, Commissioner, 
National Air Pollution Control 
Administration 
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SUMMARY 



PARTICULATE SOURCES 
Particulate material found in ambient air 
originates from both stationary and mobile 
sources. Of the 11.6 million tons of particu- 
late pollution produced by industrial, com- 
mercial, and domestic sources in 1966, 6 
million tons were emitted from industrial 
sources, including industrial fuel burning; 
5 million tons from power generation, incin- 
eration, and space heating; and 0.5 million 
ton from mobile sources. 

The following techniques are in use for 
controlling the source or reducing the effects 
of particulate pollution: 

1. Gas cleaning 

2. Source relocation 

3. Fuel substitution 

4. Process changes 

6. Good operating practice 

6. Source shutdown 

7. Dispersion 

Internal Combustion Engines 
Although particulate emissions from in- 
ternal combustion engines are estimated to 
contribute only 4 percent of the total par- 
ticulate emissions on a nationwide basis, 
they do contribute as much as 38 percent 
in certain urban areas. The relative percent- 
ages of particulate emissions for this and 
other source categories differ from one area 
to another depending on automobile density, 
degree of stationary source control, and 
types of sources present in the area. 

For each 1000 gallons of fuel consumed, 
diesel-fueled engines produce about 110 
pounds of particulate matter. Gasoline- 
fueled engines produce about 12 pounds per 
1000 gallons of fuel consumed. 

Gasoline engine-produced particulate mat- 
ter emanates from the crankcase and ex- 
haust gases. It consists of carbon, metallic 
ash, aerosol hydrocarbons, and metallic par- 
ticles. 



The particulate matter emitted from a 
diesel engine comprises carbon and hydro- 
carbon aerosols. Control of diesel engine 
emissions effects reduction in smoke. 

Stationary Combustion Sources 

In the United States more than 29 million 
stationary combustion sources are currently 
in operation. About 2 percent are fired with 
coal, 61 percent are fired with gas, and 37 
percent are fired with fuel oil. The relative 
usage of fuels on a Btu basis shows coal to 
be 32 percent, natural gas 49 percent, and 
fuel oil 19 percent. 

Types of gas cleaning devices currently 
being used for stationary combustion sources 
are listed in Table 1. Newer control systems 
are now being installed which will be used 
to control both particulate matter and sulfur 
oxides. 

Industrial Sources 

Industrial processes, including industrial 
fuel burning, discharged an estimated 6.0 
million tons of particulate materials in 1966. 
This amounts to more than 60 percent of the 
total particulate pollution on a nationwide 
basis. Major pollutants are dusts, fumes, oils, 
smoke, and mists. 

Table 2 presents a summary of important 
industries, their pollutant sources, particu- 



Table I .—TYPICAL PRESSURE DROPS AND EF- 
FICIENCY RANGES FOR GAS CLEANING DE- 
VICES USED FOR STATIONARY COMBUSTION 
SOURCES 



Pressure 

Unit drop. Efficiency, 

in. HiO percent 



Settling chambers 0.5 20-00 

Large-diameter cyclones 0. 5-4.0 30-65 

Small-diameter cyclones 2-8 70-90 

Electrostatic precipitator .... 0.1-O.5 75-99.5 



Table t— INDUSTRIAL PROCESS AND CONTROL SUMMARY 



Industry or process Source of emissions Partkulste matter Method of control 



Iron and steel mills 

Gray Iron foundries 

Metallurgical (non-ferrous). 
Petroleum refineries 

Portland cenent 

Kraft paper mills 

Add manufacture-phos* 
phorlc, sulfuric. 

Coke manufacturing 

Glass and gits* fiber 

Coffee processing 



Blast furnaces, steel 
making furnaces, 
sintering machines. 

Cupolas, shake out systems, 
core making. 

Smelters and furnaces 

Catalyst regenerators, 
sludge incinerators. 



Kilns, dryers, material 
handling systems. 

Chemical recovery furnaces, 
smel; tanks, lime kilns. 

Thermal processes, phos- 
phate rock acidulating, 
grinding and handling 
systems. 

Charging ar.d discharging 
oven cells, quenching, 
materials handling. 

Raw materials handling, 
glass furnaces, fiberglass 
forming and curing. 

Roasters, spray dryers, 
waste heat boilers, 
coolers, conveying 
equipment. 



Iron oxide, dvu t, smoke. . . . 



Iron oxide, dust, smoke, olh 
grease, metal fumes. 

Smoke, metal fumes, oil, 
grease. 

Catalyst dust, ash from 
sludge. 



Alkalf and process dusts... 



Chemical dusts 
Add mist, dust 



Coal and coke dusts, coal 
tars. 

Sulfuric add mist, raw 
materials dusts, alkaline 
oxides, resin aerosols. 

Chaff, oil aerosols, ash from 
chaff burning, dohy- 
drated coffee dust'. 



Cyclones, baghouses, 
electrostatic precipita- 
tors, wet collectors. 

Scrubbers, dry centrifugal 
collectors. 

Electrostatic precipitator, 
fabric fitters. 

High -efficiency cyclones, 
electrostatic precipita- 
tors, scrubbing towers, 
baghouses. 

Fabric filters, electrostatic 
precipitator, mechanical 
collectors. 

Electrostatic prHpitators, 
venturi scrubbers. 

Electrostatic predpitatora, 
mesh mist eliminator*. 



Meticulous design, opera- 
tion, and maintenance. 

Glass fabric fill*,**, alter* 
burners. 

Cyclones, afterburners, 
fabric filters. 



late pollutants, and air cleaning techniques 
(equipment) presently in use. 

Construction and Demolition 
The principal demolition, construction, and 
related operations that generate particulate 
air pollution are: 

1. Demolition of masonry 

2. Open burning 

3. Movement of vehicles on unpaved 
roads 

4. Grading of earth 

6. Paving of roads and parking lots 

6. Handling and bAtching of paving ma- 
terials 

7. Sandblasting of buildings 

8. Spray painting 

Control of the above operations is accom- 
plished by various means which include hood- 
ing and venting to air pollution control equip- 
ment, wetting down working surfaces with 
water or oil, and using sanitary landfill 



Solid Wa*Ie Disposal 

Although solid waste disposal by inciner- 
ation accounts for less than 10 percent of 
the total particulate pollution (1 million tons 
in 1966), it does, however, inspire many com- 
plaints about aii pollution. Of the 190 mil- 
lion tons of solid wastes collected in 1967, 
86 percent went into land disposal sites, 8 
percent was burned in municipal inciner- 
ators, and 6 percent was disposed of in sani- 
tary landfills. Since open burning is practiced 
at three-fourths of the land disposal sites, 
particulate emissions from these sites con- 
tribute significantly to air pollution arising 
from the disposal of solid waste. 

Over 70 percent of existing municipal in- 
cinerators were installed before 1960, and 
lack adequate provisions for eliminating par- 
ticulate emissions. 

An obvious means of reducing the fti* pol- 
lution resulting from solid waste disposals is 




to use r ich non-incineration methods for dis- 
posai as follows: 

1. Sanitary landfill 

2. Composting 

3. Shredding and grinding 

4. Dispersion (hauling to another lo- 
cale) 

These methods contribute little to air pol- 
lution problems. 

It is estimated that measures to upgrade 
existing land dis]>osal sites, and thus do 
away with open burning, will cost as much 
as $230 million per year for 5 years. 

Where incineration is used for solid waste 
disposal, the principal particulate pollutant 
emitted is fly ash. Its ijepioval from eflli ent 
gas streams is accomplished by low pressure 
drop (0.5 inch 11,0) scrubbers, or settling 
chambers. 

The estimated cost of upgrading or re- 
placing existing inadequate municipal incin- 
erators is $225 million, of which $76 million 
would be for air pollution control equipment, 

GAS CLEANING DEVICES 

It has teen estimated that total expendi- 
tures in 1966 on industrial air pollution con- 
trol equipment in the United States were 
about $236 million. Value of shipments of the 
industrial gas cleaning lipnient industry 
in 1967 was double the 1963 figure, and the 
backlog of orders recently nearly equalled a 
year's productive output. Undoubtedly legis- 
lative pressure and local pollution control 
regulations have supplied the impetus for 
such rapid growth in this industry. 

The selection of gas cleaning equipment 
is far from an exact science and must be 
based on characteristics of particle and car- 
rier gas, and process, operation, construc- 
tion, and economic factors. Information on 
particle sire giadation in the inlet gas stream 
is important in the proper selection of gas 
cleaning equipment. Particles larger than 
60 microns may be removed satisfactorily 
in inertial and cyclone separators and sim- 
ple, low-energy wet scrubbers. Particles 
smaller than 1 micron can be arrested effec- 
tively by electrostatic precipitators, high- 
energy scrubbers, and fabric filters. 

Table 3 lists advantages and disadvan- 



tages in applicability of each of the general 
types of air cleaners to given situations. 

EMMISSION FACTORS 

Emission factors may be used to estimate 
emissions from sources for which accurate 
stack test results are unavailable. Process 
emisiion factors for some selected source 
types a> e presented in Table 4. 

ECONOMICS 

Air pollution control is viewed not onl, 
from the standpoint of available technology 
but also with respect to the economic feasi- 
bility of control methods and/or equipment. 

Among the cost elements relevant to an 
air pollution control problem are: 

1. Capital costs of control equipment. 

2. Depreciation of ail control equipment. 

3. Overhead co.~ts including taxes, In- 
surance, and '“'•erest for control 
equipment. 

4. Operation and maintenance costs. 

6. Collected waste material disposal 
costs. 

6. Other capital expenditures for re- 
search and development, land, and 
engineering studies to determine and 
design optimum control system. 

Many of these elements differ from one in- 
stallation to another. Taule 5 lists major col- 
lector types and their approximate installed 
costs for operational air flow rates. Thu in- 
stalled costs (purchase cost, transportation, 
and preparation for on line operation) are 
average costs for typical control equipment. 

Table 6 presents generalized operating and 
maintenance cost equations for various types 
of control equipment. 

BIBLIOGRAPHY 

A list of references follows each section of 
this document. Other references relating to 
control technology for generic sources of par- 
ticulate air pollutants are cited in the bibli- 
ography, which comprises the final section. 
Although all of the articles cited in the bibli- 
ography do not necessarily reflect the most 
modem control practices, they do provide 
useful background material on the control 
technology for particulate air pollutants. 
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Table ADVANTAGES AND DISADVANTAGES OF COLLECTION DEVICES 



Collector 



Advantage 



Disadvantage* 



Gravitational 
Cyclone 



Wet collector* 



Electrostatic 

precipitator. 



Fabric filtration 



Afterburner, 
direct dame. 



Afterburner, 

catalytic. 



Low pretsui*e loss, simplicity of design and 
malntainance. 

Simrliclty of design and malntainance 

Little floor space required 

Dry continuous disposal of collected dusts. ... 

low to moderate pressure loss. 

Handles large particles 

Handles high dust loadings. 

Temperature independent. 

Simultaneous gas fbsorption and particle re- 
moval. 

Ability to cool and clean high-temperature, 
moisture-laden gases. 

Corrosive gases and mists can be recovered 
and neutralized. 

Reduced dust explosion risk 

Efficiency can be varied 



99+ percent efficiency obtainable 



Much space required. Lo* collection effl . 
ciency. 

Much head room required. 

Low collection efficiency of email particles. 
Sensitive to variable dust loadings and flow 
rate#. 



Corrosion, erosion problems. 

Added cost of wastewater treatment and rec- 
lamation. 

Low efficiency on lubmicron particles. 

Cotamiratlon of effluent stream by liquid 
entrainment. 

Freezing problems in cold wee ther. 

Reduction in bu^^ncy and plume rise. 

Water vapor contribute* to visible plume 
under some atmospheric conditions. 

Relatively high initial cost. 



Very small particles can be collected 

Particle* m*y be collected wet or dry 

Pressure drofs *nd power requirement* are 
small compared to other high-efficiency 
collectors. 

Maintenance Is nominal unless corrosive or 
adhesive materials are handled. 

Few moving parts 

Can be operated at high temperatures (WO* 
to «0* F.). 

Dry collection possible 

Decrease of performance i* noticeabb ... 

Collection of small particle* possible 

High efficiencies possible 

High removal efficiency of rubmkron odor- 
causing partkulate matter. 

Simultaneous disposal of combustible gaseous 
and partkulate matter. 

Direct disposal of non-toxk gases and waste* 
to the atmosphere after combustion. 

Possible heat recovery 

Relatively small space requirement 

Simple construct ion 

Low maintenance 

Same as direct flank afterburner 

Compared to direct flame: reduced fuel re- 
quirements, reduced temperature, insula- 
tion requirements, and fire hatard. 



PrecIpUttora are sensitive to variable dust 
loadings or flow rates. 

Kesistivity cause a some material to be eco- 
nomically uncollectable. 

Precautions are required to safeguard person" 
nel from high voltage. 

Collection efficiencies can deteriorate gradu- 
ally and Imperceptibly. 



Sensitivity to filtering velocity. 
H!fh4emperatu*e gases must be cooled to 
9oo* to wo* r. 

Affected by relative humidity (condensation). 
Susceptibility of fabrk to chemkal attack. 
High operational cost. Fire hatard. 

Remove* only combustibles. 



High initial cost. 

Catalysts subject to poisoning. 

Catalysts require reactivation. 
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Table 4*— EXAMPLES OF PARTICULATE EMISSION FACTORS 



Source 



Specific process 



Particulate emission rate, 
uncontrolled 



Aircraft 

Solid waste disposal 

Phosphoric acid 
manufacturing. 

Sulfuric acid 
manufacturing. 

Food and agricultural 

Feed and grain mills 

Primary metal industry 

Secondary metal Industry. . . 



Four engine fan Jet 

Open burning dump 

Thermal process 

Contact process 

Coffee roasting, direct fired 

Cotton ginning and incineration of trash 

General operation 

Iron and iterl manufacturing furnace, open 
hearth (oxygen lance) 

Aluminum sr eltlng, chlorinationdancing. 
Brara and bronte smelting reverberatory 
furnace. 

Gray iron foundiy cupola 



7.4 Ib/flight. 

16 lb/ton of refuse. 

0.2T0.81b/tor> of phosphorus burned. 
0.8-7. 6 lb/fon of acid produced. 

7.6 Ib/ton of green beans. 

11.7 Ib/balo of cotton. 

6 Ib/ton of product. 

22 lb/ton of ateel. 

1000 ib/ton ri chlorine. 

26.8 lb/ton of metd 'harged. 

17.4 Ib/ton of metal charged. 



Table INSTALLED COSTS OF CONTROL EQUIPMENT 



Approximate installed cost, in thourands cf dollars 



Collector type 


Gas flow rates 




(1000 actual cubic feet per minute) 





2 


6 


10 


16 


100 


800 


600 


Gravity 




1.2 


2.6 


16 


28 






Mechanical 






4 


13 


23 


80 


* .... 


Wet 




7.$ 


10 


80 


65 


160 




High-vo’ (age electrostatic precipitator 








86 


120 


265 


416 


Low-voltage electrostatic precipitator 

Ttbtk filter: 




13 


24 


106 


200 








Htfh temperature (M0* F.) 






80 


88 


166 


480 


720 


Medium temperature (260* F.). ... * 






16 


46 


82 


226 


176 


Afterburner, direct flame catalytic 


8.2 


12 


18 












16 


20 


29 











Table 1— GENERALISED ANNUAL OPERATING AND MAINTENANCE COST EQUATIONS FOR CON* 

TROL EQUIPMENT 



Collector 



Generalited equation 



Mechanical centrifugal collector f M J 

Wet toJI*rt*r G-8^ 0.7457 HK ♦ WHL* M 



Electrostatic precipitator G»$t(JHKeM)) 

Fabrie fitter * M ] 

Afterburner G-S + FH + M ] 
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Where: 

0 - annual costa, dollars, for operating and 
maintenance 

S -design capacity of the unit actual cubic feet 
per minute (acfni) 

P - pressure drop, fnchea of water 
H -hour* of operation annually 
K - cost of electricity; dollars per Vdowatt-hour 
£ - fan efficiency expressed as decimal 
M -mainUnar.ee cost per acfm, dollars pec cfm 



F -fuel cost, dollar* per acfm per hour 
W- make-up liquid rate in gallons per hour per 
acfm 

L -cost of liquid in dollars per gallon 
Z -total power input required for a specified 
scrubbing efficiency, horsepower per acfm 
J -kilowatts of electricity acfm 
h -elevation for pumping of liquor in circula- 
tion system for collector, feet 
Q - water circulation, gallons per acfm 
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1. INTRODUCTION 



Pursuant to authority delegated to the 
Commissioner of the National Air Pollution 
Control Administration, Control Tcchniqufs 
for Particulate Air Pollutants is issued in ac- 
cordance with Section 107c of the Clean Air 
Act (42 U.S.C. 1857c-2bl). 

Particulate matter in the atmosphere is 
known to have many adverse effects upon 
health and welfare, and rediction of emis- 
sions of f his pollutant is of prime importance 
to any effective air pollution abatement pro- 
giam. Particulate |>ollurants originute from 
a variety of sources, and the emissions vary 
widely in physical and chimin I characteris- 
tics. Similarly, the available control tech- 
niques vary In type, application, effective- 
ness, and cost. 

The control techniqu i described herein 
represent a broad spectrum of information 
from many engineering and other technical 
fields. The devices, methods, and principles 
have been developed and used over many 
years, and much experience has been gained 
in their application. They are recommended 
as the techniques generally applicable to the 
broad range of particulate emission control 
problems. 

The proper choice of a method, or com- 
bination of methods, to be applied to any 
specific source depends on many factors other 
than the characteristics of the source itself. 
While a certain percentage of control, for ex- 



ample, may be acceptable for a single source, 
a much higher degree may be required for the 
same source when its emissions blend with 
nose of others. This document provides a 
comprehensive review of the approaches 
commonly recommended for controlling the 
sources of particulate air pollution. It does 
not review all possible combinations of con- 
trol techniques that might bring about more 
stringent control of each individual source. 

The many agricultural, coni: lereial, do- 
mest'c, industrial, and municipal processes 
r.nd activities that generate particulate air 
pollutants are described individually in this 
document. The various techniques that can 
be applied to control emission? r»t particulate 
matter from these sources are reviewed and 
compared. A technical consideration of the 
most important types of gas cleaning devices 
forms a major segment, while sections on 
source evaluation, equipment costs and cost- 
effectiveness analysis, ar.d current research 
and development also are included. The bibli- 
ography contains important reference arti- 
cles, arranged according to applicable proc- 
esses. 

While some data are presented on quanti- 
ties of particulate matter emitted to the 
atmosphere, the effects of parliculate matter 
on health and welfare are considered in a 
companion document, Air Quality Criteria 
for Particulate Matter. 
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2. BACKGROUND INFORMATION 



2.1 DEFINITIONS 

This section contains general definitions of 
the terms used throughout this document. 

Pollutant or Contaminant — any solid, liq- 
uid, or gaseous matter in the outdoor atmos- 
phere which is not normally present in nat- 
ural air. 

Particulate Matter — as related to control 
technology, any material, except unrombined 
water, that exists as a solid or liquid in th-; 
atmosphere or i \ a gas stream at standard 
conditions. 

It is import' -it that standard conditions 
for the measurement of particulate matter 
be irduded with its definition. Some com- 
pounds are no; solids or liquids at stack con- 
ditions but con* 'se In the ambient atmos- 
phere. Unless sianlard conditions for mens 
urement of particulate matter are define*!, 
these materials would not be considered ar- 
ticulate and subject to control. 

Arrosof — a dispersion in gaseous media of 
soiid or liquid particles of microscopic site, 
such as smoke, fog, or mist. 

Dust — solid particles predominantly larger 
than colloidal size and capable of temporary 
suspension in air and other gases. Derivation 
from larger masses through the application 
of physical force is usually Implied. 

Flit A sA— finely divided particles of ash en- 
trained In flue gasses arising from the com- 
bustion of fuel. The particles of ash may con- 
tain unburned fuel and minerals. 

Fog — visible aerosols in which the dis- 
persed phase is liquid. In meteorology, fog Is 
a dispersion of water or ice. 

Fume — particles formed by condensation, 
sublimation, or chemical reaction, of which 
the predominant part, by weight, consist of 
particles smaller than 1 micron. Tobacco 
smoke and condensed metal oxides are ex- 
amples of fume. 

Mitt — 'ow-concenlration dispersion of rel- 
atively small liquid droplets. In meteorology, 



the term mist applies to a light dispersion of 
water droplets of sufficient size to fall from 
the air. 

Particle — small, discrete mass of solid or 
liquid matter. 

Smoke — small gasbornc particles result- 
ing from incomplete combustion. Such parti- 
cles consist predominantly of carbon and 
other combustible material, and are present 
in sufficient quantity to be observable inde- 
pendently of other solids. 

Soot — an agglomeration of carbon parti- 
cles impregnated with "tar,” formed in the 
incomplete combustion of carbonaceous ma- 
terial. 

Sprays — liquid droplets formed by me- 
chanical action. 

2.2 MAJOR SOURCES OF PARTICULATE 
.MATTER 

An estimated 11.6 million tons of particu- 
late matter was emitted from industrial, com- 
mercial, and domestic sources in the United 
States during 1966.' Particulate matter, 
emitted from sources other than these, in- 
cludes ocean salt, volcanic ash, wind erosion 




Ftcnts 2-1. Sources of particalate matter tad quan- 
tities predated in tons per year. 
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and roadway dust, forest fire smoke, and 
plant seed and pollen. Figure 2-1, which is 
based on Reference 1 and gasoline and fuel 
consumption figures, shows that industrial 
sources of particulate matter, including in* 
dustrial fuel burning, emit 6 million tons of 
particulate matter annually. About 6 million 
tons result annually from power generation, 
incineration,* and space heating. Mobile 
(transportation) sources emit the remaining 
0.5 million tons. 

2.2.1 Combustion Sources 

Combustion of coal and oil results In ai\an* 

nup.l emission of 4.6 million tons of particu* 
late matter that is principally fly ash from 
co/il combustion. Emission sources are dis- 
cussed in Sec' ion 3.3 of this report. 

Refuse burning, both in incinerators and 
in dumps, produces approximately 1 million 
tons of particulate matter annually. Much of 
this particulate matter is dust, fume, smoke, 
fly ash, and large pieces of partially burned 
refuse. Although refuse burning creates less 
than 15 percent of the total particulate mat- 
ter emitted it the United States, such emis- 
sions arc usually concentrated in heavily 
populated areas and have a more significant 
impact on the population than these statistics 
may suggest. 

2.2.2 Industrial Sources 

Particulate emissions from industrial proc- 
esses consist of dust, fume, smoke, and mist 



'Dots not Include agricultural burning and foreat 
fire*. 



arising largely from combustion and loss of 
process materials or products to the atmos- 
phere. Such emissions totaled 6 million tons 
in 1966. Major industrial sources are listed 
and discussed in Section 3.4 of this report. 

In some industrial processes, efficient col- 
lection of particulate matter Increases over- 
all plant operating efficiency by recovering a 
portion of the product that would otherwise 
be lost to the atmosphere. Dust collectors 
used in cement plants, grain handling opera- 
tions, and carbon black plants can recover 
valuable products. 

2.2.3 Mobile Source* 

Emissions from mobile sources, which total 
approximately 0.5 million tons of pArticulate 
matter per year, arc largely caused by the 
burning of fuels In motor vehicles. Automo- 
bile exhaust is the largest source of particu- 
late matter In this category. It Is character- 
ised by an extremely large number of fine 
particles consisting of organic and inorganic 
materials, including lead. Particulate emis- 
sions from diesel engines are more concen- 
trated and may cause a visible plume. Air- 
craft, especially jet-powered planes, also 
produce visible particulate emissions. The 
emission rate is greatest during takeoff and 
landing operations when the engines operate 
under conditions of a high ratio of fuel to air. 

REFERENCE FOR SECTION 2 

1. "The Source* of Air Pollution and Their Con- 
trol." U.S. Dept, of Health, Education, and Wei- 
far». Dir. of Air Pollution, Washington, D.C-., 
PHS-Pub-164S, 19€«. 
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3. PARTICULATE SOURCES AND CONTROLS 



3.1 INTRODUCTION 

The earliest approaches to air pollution 
control, used in England over 200 years ago, 
were the restriction of smoke releases and 
relocation of sources to “offensive trades 
zones." The latter was used particularly 
when the odor of the sou.ee was offensive. 
Relocation is still used, or at least considered, 
by operators of some pollution sources as an 
alternate to emissions control. In most in- 
stances, however, relocating a pollution 
source to a remote area may only post|>one 
the adoption of emissions control. 

Many sources such as transportation, 
space heating, and solid wastes disj>osal are 
inherent in population centers. All generate 
particulate air pollution in urban areas. Al- 
though remote power generation and long 
distance hauling of solid wastes are possible, 
automobiles, busses, incinerators, and home 
furnaces and p^anufacturing and commercial 
operations that require workers will, in all 
likelihood, continue to operate in our cities. 

To appreciate the air pollution problem 
facing the United States, it is necessary to 
have some understanding of the sources of 
air pollution and ihe means of controlling 
them. The multitude of small sources closest 
to the average citizen — automobiles, home 
furnaces, on-site incinerators— are often the 
least effectively controlled. High-efficiency 
control equipment use is limb M almost en- 
tirely to certain steam-electric generating 
stations and industrial operations, particu- 
larly the large installations. Most of the high- 
efficiency emissions controls are being de- 
veloped for such sources t.s steel mills, steam- 
electric generating stations, petroleum re- 
fineries, and chemical plants. The most prom- 
ising areas of improvement for small sources 
involve basic changes in source operation- 
cleaner fuels, tutomobiie engine modifica- 
tions, and improved means of solid wastes 
disposal. 



3.2 INTERNAL COMBUSTION ENGINES 

Although stationary sources are the major 
contributors of particulate matter, the motor 
vehicle contributes a significant amount of 
particulate matter to the atmosphere. The 
ranking of the motor vehicle emissions in an 
urban community is a function of the relative 
magnitude of the vehicular and industrial 
activities; the extent to which coal, residual 
fue’s and refuse are burned; and the extent 
and effectiveness of the air |>ol1ution control 
measures used. Each 1,000 gallons of fuel 
consumed by diesel engines produces about 
110 pounds of particulate matter and gaso- 
line engines produce about 12 pounds of par- 
ticulate for every 1,000 gallons consumed.* Of 
the total annual emission of 11.5 million tons 
of particulate matter, motor vehicles con- 
tribute approximately I percent or about 

500.000 tons. 

Table 3 1 presents examples of contri- 
bution by motor vehicles to particulate emis- 
sions in different communities. 

3.2.1 Gatolinr-Purlril Vehicles 
Particulate matter is emitted fn the ex- 
haust and crankcase blowbv gases of gnso- 

Table J-1«— COMPARISON OF MOTOR VEHICLE 
PARTICULATE EMISSIONS WITH TOTAL PAR. 
TICt'LATE EMISSION^ FOR SELECTED 
AREAS*-* 



Particulate matter, tens/yr 



Metropolitan area 


Total 


Mo*or 

vehicles 


Percent 
of total 
from 
motor 
vehicles 


Washington, tv C. 
New York Northern 


as.ooo 


5,700 


16 


New Jersey 


211,000 


SS,?00 


IS 


Kansas City 


€0,000 


5,000 


It 


Jacksonville, Florida 


14,000 


€00 


4 


St. Ix*hS 


1 4 7.000 


4,700 


3 


Los Angeles County 


4S.OOO 


16.400 


S3 
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line-fueled engines. Carbon, metallic ash, 
hydrocarbons in aerosol form, and metallic 
materials present in engine systems are 
emitted. 

Metal-based particles result almost en- 
tirely from the use of lead antiknock com- 
pounds in the fuel; however, metallic lubri- 
cating oil additives and engine wear particles 
are also present. Carbon and some of the 
hydrocarbon aerosols result from incomplete 
combustion of fuel. The rest of the aerosols 
are emitted to the atmosphere from engines 
with vented crankcases or are produced by 
crankcase oil that leaks past the piston rings 
into the combustion chamber and is emitted 
unburned with the exhaust gases. 

Particulate matter in automobile exhaust 
amounts to approximately 6 percent by 
weight of the amount of gaseous hydrocarbon 
emitted. It consists of lead compounds, car- 
bon particles, motor oil, and nonvolatile re- 
action products formed from motor oil in the 
combustion zone. It is suspected that these 
reactions Involve the formation of hlgh-mo- 
leculai-welght olefins, and carbonyl com- 
pounds. 

Particles in blowby gases consist almost 
entirely of unchanged lubricating oil. As a 
very rough approximation, the amount of 
material emitted in blowby gases is one-third 
to one-half the amount emitted in the ex- 
haust. The same approximate ratio applies 
to either particulate emission or gaseous hy- 
drocarbon emission. Blowby emissions are in- 
fluenced to a greater extent than exhaust 
emissions by mechanical condition of the 
engine.* 

Partial control of vehicle particulate emis- 
sions has been In efTect nationally since 1963. 
Beginning with the 1968 automobile models, 
the particulates In crankcase gases were 
completely controlled (Fig. 3-1). It is pos- 
sible the exhaust emission control measures 
employed in the 1968 model passenger cars 
reduce the emissions of some particulates. 

Technology for the control of lead in ex- 
haust emissions is in the developmental 
stage. The National Air Pollution Control 
Administration is presently evaluating two 
prototype electrogasdynamic precipitatois 
for gasoline and diesel rftotor vehicle ex- 
hausts.* 



Lead emissions may also be controlled by 
restricting the concentration of lead anti- 
knock compounds that are permitted in the 
fuel. The American Petroleum Institute indi- 
cates that the additional cost of unleaded 
fuel would be 1.8 to 4.7 cents per gallon. 
Petroleum processing equipment is available 
for producing unleaded gasoline, but an esti- 
mated 6 to 10 years is necessary for Its in- 
stallation at a capital investment of over $4 
billion.'*- " 

3.2.2 Diesel-Powered Vehicle* 

Particulate matter emitted by diesel en- 
gines consists primarily of carbon and hydro- 
carbon aerosols resulting from incomplete 
combustion of the fuel. Aerosols in the vent 
gases of the two-stroke-cycte diesel engine 
(from air box drains) and in the exhaust, as 
a result of crankcase oil going through the 
combustion process unburned, produce a 
small amount of additional particulate emis- 
sions. 

Federal regulations scheduled for Imple- 
mentation In 1970 will limit smoke from new 
diesel engines. The regulations establish a 
maximum intensity of smoke emission 
(measured by reduction In bght transmis- 
sion) under conditions of severe engine load- 
ing at (1) full-throttle acceleration from a 
prolonged idle and (2) "lugdown” from max- 
imum governed speed, also at full throttle. 
No new information or control devices are 
believed to be needed to reduce the smoke 
emissions from diesel engines to meet the 
established standards. As vehicle mileage in- 
creases, proper fuel system adjustment, 
maintenance at appropriate intervals, the 
use of the specified type of fuel, and good 
operating techniques can maintain low levels 
of visible emissions, particularly with respect 
to particulate carbon. 

New engines, which will comply with the 
1970 smoke standards, will be adjusted by 
the engine manufacturer to a conservative 
fuel rate and power output. Increases In fuel 
rate above the manufacturer's setting will in- 
crease engine power, but also will raise the 
level of black smoke. Even in a properly ad- 
justed engine, injector deterioration (such 
as nozzle erosion) can effect a substantial in- 
crease in the emission of black smoke. 
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FILTERED AIR 




0 AIR INTAKE 

CONTROL VALVE 



CRANKCASE 
BLOWBY GASES 






FILTERED AIR 
BLOWBY GASES 

FILTERED AIR + BLOWBY GASES 
COMBUSTIBLE MIXTURE 



Ficvue 3-1. Motor vchicl* omission control system. 



Investigations have been conducted to eval- 
uate methods of reducing diesel smoke. Meth- 
ods consist primarily of exhaust gas dilution 
and the use of smoke-suppressing fuel addi- 
tives. Neither of these methods can be recom- 
mended for general application at this time. 
The dilution technique at best, merely re- 
duces the opacity of the smoke plume with- 
out reducing the quantity of particles emit- 
ted. Smoke suppressants have been reported 
to be effective in overfueled engiies in good 
mechanical condition. One type of suppres- 
sant reported to show promise contains bar- 
ium. " Use of the organic barium additive 
could, however, result in the emission of 
toxic, water-soluble, barium compounds. Fur- 
ther study of additives is needed before this 
technology can be broadly adopted. 



3.3 CONTROL OF PARTICULATE EMIS- 
SIONS FROM STATIONARY COM- 
RUSTION SOURCES 

3.3.1 Intiodurllon 

SJ.t.t tirncral — Of the many techniques 
used to control particulate air pollution from 
stationary combustion sources, none has 
emerged as an all-inclusive answer to the 
control problem. 

J.S.J.g Sources — More than 29 million sta- 
tionary combustion sources are currently in 
operation in the United States. 1 ' About 2 
l>ereent are fired with coal, 61 percent are 
fired with gas, and 3? percent are fired with 
liquid fuels. Table 3 -2 shows the consumption 
of energy by type of consumer. Coal, gas, and 
oil are burned in a wide variety of equip- 
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Table MISESTIMATED 1*66 UNITED STATES 
ENERGY CONSUMPTION BY SELECTED CON* 
SUMER <10* Btu) u 



Con turner 



Energy source 


House- 

hold 

and 

com- 

mercial 


Industrial 


Power 

genera- 

tion 


ToUl 


Anthracite coal. 


143 


41 • 


6$ 


*40 


Bituminous and 


673 


8,206 • 


6,641 


6,122 


lignite coal. 
Natural gas.... 


6, *46 


6,674 • 


2,m 


14,311 


Petroleum v 


*,*47 4 


2,612 • 


*06 


6,664 


Hydroelectric . . 


0 


0 


2,060 


2,060 


Nuclear 


0 


0 


68 


68 


ToUl 


8,9)0 


10,466 


j*,m 


31,465 



* Exclude* non-combustion cor* urn pt Ion. 

* Exdudes naphtha, kerosene, and liquified petroleum 

gases. 



ment. The more common types of equipment 
are shown In Table S-3. 

3,3. 1 ,3 Em itsion * — Pa rtlculate emissions 
from stationary combustion sources in the 
United States arc estimated at 4,6 million 
tons (see Table 3-4) , Local patterns of emls* 
sions will usually differ from the national 
pattern because of differences in fuel and 
equipment use patterns. 

The rate of uncontrolled particulate emis- 
sions varies widely from unit to unit because 
processes, practices, and fuels all affect emis* 
sion levels. For each fuel, several different 
processes are used for stationary combustion. 
Steam, hot water, and warm air furnaces are 
in common use for domestic heating and 
many specialised heaters Are used by In* 
dustry, Burners, combustion chambers, heat 
transfer characteristics, draft systems, and 



Table Ml— COMMON USES OF VARIOUS FUEL-BURNING EQUIPMENT 



Equipment 



Common tje 



CoaLfired: 

Hand stoked equipment 



Single retort underfeed stokers 



Multiple -retort underfeed stoker* 
Spreader stokers 
Traveling grate stokers 
Chain grate stokers 
Vibrating grate stokers 
Pulverised fuel-fired equipment 
(dry bottom or wet bottom) 
Oil-fired: 

High pressure gun type burner* 



Residential, institutional, and commercial warm air and 
boiler applications at capacities up to 6 million Btu per 
hour input (Used primarily in coal producing areaa.) 
Residential, institutional, and commercial warm-atr and 
boiler applications at capacities up to 40 million Btu per 
hour input 

Water tube and fire tube boiler applications for Institu- 
tional, commercial, and industrial heating at capacities (n 
range of 6 million to *00 million Btu per hour input 



Water tube boiler applications for power generation at 
capacities greater than 100 million Btu per hour input 

Residential warm air furnace or boiler applications at 
capacities up to 8 gallons per hour distillate oil. 



Low-pressure alr-atomising burner* 



Rotary cup burners 
Steam atomising burners 
High-pressure air-atomiting burners 
Gar fired: 

Premixing burners 



NotsJe mixing burners 



Water tube and fire tube boiler applications for institu- 
tional, commercial, and industrial process heating with 
distillate or residual oil. 

Water tube and fire tube boiler applications for institu- 
tional, commercial, and industrial heating and power 
generation with residual oil. 

Residential warm air furnace or boiler applications and 
low temperature industrial applications. 

Water tube and fire tube boiler applications for institu- 
tional, commercial, industrial, and power generation appli- 
cations, (Msy be combination type to permit fuel oil filing 
when gas supply is interrupted.) 
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